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(54) Title: CO-CHANNEL INTERFERENCE IN A RECEIVER 



(57) Abstract 

The invention relates to a re- 
ception method and a receiver for a 
TDMA radio system, in which sig- 
nals to be received comprise a de- 
sired signal and one or more at least 
occasionally occurring interference 
signals, which desired signal and 
interference signal comprise a pre- 
determined sequence, by which the 
signals can be separated from each 
other. The receiver searches for the 
most interfering interference signal 
in a searching block (318) and forms 
a signal estimate of the desired sig- 
nal by means of the predetermined 
sequence of the desired signal in 
block (312). In block (326) the re- 
ceiver further forms a co-channel 
signal estimate by means of the 
predetermined sequences of the de- 
sired signal and interference signal. 
In block (314) the receiver forms 
the first residual signal, which de- 
scribes the difference between the 
signal estimates of the received sig- 
nal and the desired signal, and in 
block (328) the receiver forms the 
second residual signal, which de- 
scribes the difference between the 
received signal and the co-channel 
signal estimate. The receiver compares the first residual signal with the second residual signal in block (332) and on the basis of the 
comparison, it selects for the detector (334) either one signal detection or joint detection to detect the received signal. 
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Co-cftarmel interference in a receiver 

FIELD OF THE INVENTION 

The field of the invention is a reception and detection solution in a 
radio system. More particularly the invention relates to the observation of co- 
5 channel interferences in a receiver. 

BACKGROUND OF THE INVENTION 

In a cellular radio system, the quality of the connection between a 
base transceiver station and a subscriber terminal varies all the time. This 
variation is caused by radio waves that are fading as a function of distance 

10 and time in a fading channel and by interfering factors on the radio path, such 
as other signals on the same channel. In the cellular radio system, the same 
frequency must be continually used in different cells because of the limited 
scope of the frequency range. Co-channel signals usually coming from various 
transmitters arrive at a receiver operating at a certain frequency, which co- 

15 channel signals have propagated along various paths and which are thus mul- 
tipath signals. The performance of a receiver can be improved by using joint 
detection of the most strongest interferences. 

If co-channel detection is used in a situation or environment, * in 
which co-channel interference does not occur, but the interference is mainly 

20 noise, the performance of a receiver weakens* This is due to the fact ; that the 
receiver uses estimated channel taps of the co-dhannel without co-channel 
interference, which increases, noise e:g. in the- transition metrics of the trellis in 
a Viterbi detector, and the probability of a bit error .of the detector increases. 
As the environment and situation -of a mobile terminal in particular change all 

25 the time, the terminal is sometimes in a situation with co-channel interference, 
whereas at other times' the greatest interference is noise. 

BRIEF DESCRIPTION OF' THE INVENTION 

The object of the invention is thus to provide a method and a,- re- 
ceiver implementing the method in such a manner that the above problems 
30 can be solved. The invention relates to a reception method used in a radio 
system, in which a receiver receives signals comprising a desired signal and 
one or more interference signals, which desired signal and interference signals 
comprise a predetermined sequence, by which the signals can be separated 
from each other. Further in the inventive method, a signal estimate of the de- 
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sired signal is formed by means ,of, the -predetermined -se,qu.e;nce of the desired 
signal; the most interfering interference signaljs searched and a co-channel 
signal estimate "is formed' by "means of the. predetermined sequences of the 
■desired signal and the interference 'signal; the first residual signal is .-formed, 
5 which describes the difference between .the received .signal -and the signal es- 
timate of the desired signal; the second "residual sjgnsrtis.formed, which de- 
scribes tne difference between the received signal and co-channel, signal es- 
timate; the fjrst residual signal js s cpm^re^ r w|th. the. second residual signal and 
on the" basis of the comparison, the received signal is detected either by one 
1 0 signal detection, whereby : thei effeqtiof; th^ 

• : • c J! gnal is unnpticQd / . : or.byjQjntd^ effect of the interfer- 

- ; f nce signa ' °h the de^c t j on 0 f the desj red signal is^aken into- account. . 

The invention also .relates to .a receiver^ for a^adio. system, in which 
signals to be received comprise a' desired signal and one or . more at least oc- 
15 casionaHy occurring ^interference, signals, which desjred c signal : and interference 
, , :fi gn : al c ? m P ri se a predetermined sequence, by .which the signals can be sepa- 
rated from each other. The receiver of the invention is characterized in that the 
. receiver comprises: rne^ns foe searching, for the -most interfering, interference 
signal; means for forming a ..signal estimate of. the desired signal -by means of 
2 ^ r u % Kfde^nT^.s^quenc^of the desired signal; means for forming a co- 
, :, 9 hann el. signa I. estimate by. means of the predetermined sequences of the de* 
. , . sired signal and. interference signal; means for forming the first residual signal, 
^ which describes ^difference between, the received signal and.the signal es- 
timate of the desired signal; means for, forming the second residual signal, 
25 whicli describes the : ,d.ifference : between the received; signal and co-channel 
signal estimate^ meang. for comparing r .the,first;residual signal with-the second 
residual signaj ,and for selecting for :; a._ detector on the basis of the comparison 
either a one signal detection or joint detection to detect the received signal. 

; The preferred embodiments of the invention are disclosed in the 
30 dependent claims. 

- , .-- .- Tne method and system of the. invention provide a plurality of ad- 1 
vantages. The detection of a received signal improves, as, the detection is 
suitably optimised both, in the situations in which co-channel interferences oc- 
cur or do not occur. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

° Mn the fallowing the invention will be described, in .greater detail in 
connection with the preferred embodiments with reference, to the attached 
drawings, irf which ' - 
-5 - • ~~ : - ; Tigiire'1 shows a normal burst of the . GSM radio, system, 

~ rn ' ( Figure 2' shdws a block diagram of a" receiver using joint dejection, 

- :2>:\r : .*: ,«•..• --^jgurgrS : sn*o'ws' - a blrafeia^m'ofd "receiver. of the invention. 

-1.0 ». ■-. * A i ;c :tphe sdutibri : brthe : inventiori can especially be applied to DCS and 
GSM<rsysterhs Without; however, "' so Yestricte'd. The'lnventive solution is appli- 
cablefor use In a -base' frartsceiver sfaiiori and/or mobile phone. . 

" Let us how'take a'-closer look on the^ solution of the invention when 
it is applied to theU3SM system. A normal burst, of the GSM system is shownlin 
15 ,: Figure 1. The normal burst usually'comprises about 150 symbols altogether.^ 
symbol rrepresents a bit ora combination ! of bits.' Symbols of the bursts arein 
; sequences which comprise start symbols and end symbols, i.e. edge symbols, 
10, data symbol sequences 11 grddped Into" two parts,' training symbols ^, 
■ Let usrassume that symbols are bits, as usual. A trainfhg "sequence can thus 
20 be illustrated as rn Figure 1 : , in-'which there are-'at the" beginning" of the training 
sequence there four guard bits 13* which are the same as the four bits at the 
: end of the training sequence. In addition to the guard bits of a training se- 
. quence, there: are typically 16 reference bits 14 in a training Sequence. 

> A prior art system model" in A which co-channel interferences occur is" 
25 shown in Figure 2. The system i : moder comprises transmitters 200 to 202, 
channels 203 to 205', a noise ; s6urce t: 206, a summer 207 connecting the chan- 
nels and the noise, a receiver filteY 208, a detector 209, channel estimation 
means 210, grouping means 21 1 , sequence 'mean's 212. A receiver 213 com- 
prises blocks 208 to 212. The transmitters 200 to 202, the number of which is 
30 Q and which are base transceiver stations of the radio system, for example, 
transmit their own signal y Ki in the channel Ch, 203 to 205, whose impulse re- 
sponse is described by h,. Noise n is summed to the "signals y Ki in the summer 
207. The receiver 213, which may for example be a subscriber terminal, i.e. 
usually a mobile phone, of the radio system, receives a multipath signal by 
35 means of the receiver filter 208 typically comprising an antenna and a radio 
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frequency filter, After the filtering, the signal y propagates both to the detection 
209 and to the channel estimator 21 Q, which makes the, co-channel estimation 
using subsets of the predetermined . sequence that have come from the 
grouping means 211 and the received signal y. The grouping means_211 form 
5 the subsets of the predetermined sequences of the information-that.has come 
from the sequence rrieans.21 2. .The, detected, signal ..prppagates, from the de- 
tecting means 209, e.g. a prior art Viterbi detection, to the other parts of the 
receiver (not shown in the' 'figure). Interference suppression is performed in the 
detecting means 209, for example. This solution is describee! in greater detail 
10 in Finnish Patent 962736, which is taken herein as a reference. 

In the inventive solution, a pre'detetmined sequence, which 'is pref- 
erably characteristic of each transmitter, is transmitted along with the signal to 
?i t va receiver, which may.be a base transceiver? station br a mobile j phbhe: Corre- 
C T . spondingly, a base ; transceiver, station ;oj mobile ""phone can Operate as a 
1 5. transmitter. The received signal comprises a desired signal, i.e. a'sighal that is 
r needed to be detected; and. ah 1 'interference signal, e.g. other signals arid 
noise in the same radio system. -A training sequence of a normal burst oper- 
, . ates preferably? as a predetermined sequence in the GSM system, for exam- 
ple. This training sequence is used for arranging the received interference sig- 
20 nals according to interference. Interference may be due to the strength of the 
signal or poor cross-correlation, qualities of the training sequences. Correlation 
C is calculated digitally as a cross product for known sequences X and Y in 
; the following manner: • ■ : : ■ - 

. . N '■■ - •• ... - - , ... ■ '. • 

25 '(i) 'C(nj=^x(i)y(n+i), ' ' " ' 

where C(n) corresponds to an element according to the index n in the vector 
. Q, x^Js an element according to the index (i), i.e. a sample in the sequence 
. X,,andr ; y(n + i) js an element according to the index n + i, i.e. a sample in the 
30 sequence Y. . If training sequences of the desired signal and the interference 
signal are similar, the correlation C with the. index n = 0 obtains a high value, 
which means a poor cross-correlation quality. The value n = 0 of the index 
means that the training sequences have no temporal nor elemental transition 
in respect of each other. 
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} ' To -determine signal" strengths multipath channels are first esti- 

: mated.. There are various known search methods of interference signals that 
can be applied in 1 the solution of the invention. Co-channef estimation is car- 
- = ; ried out" by using- a maximum likelihood method (ML method), for instance, 
- 5- ' : whfch'is ; the most usual estimating nrifethod and easy to apply. Most preferably, 
5 ; th'e most interfering interference signal is searched for each burst separately. 

.A co-channel estimate, h^for^t^jo^t detection, in particular is-.obtafned. from 
"the formula: ' * ... f .. T A . ,,.7, . • .•- 

.10. :(2);.i;, ,;hy=;.(!^ s noituic* aw" z-i* k 

..... ... . ; * n ; : v y..-, , xA t r^-:::^: ?i /\^j;:r;i£n>r:* 'Leo .:> 3"iv,2 i" - d^r? 

= . . where4he matrix M is~M = [M 4 i ^r^* JVy, V feahre noise coVariance and y is 
the received mujtipath propagated sagnal. Jrr a digital radio system, y is formed 
of digital .samples. : which. h%ve<^ signal. Wl H i£a 

15 Hermitian matrix of the, matrix. MTanjd V^srefers to the inverse mafrix^of the ma- 
trix V. The noise covariancg y ifefers to, ; the effective vatueeof tioise. The noise 
~ , - covariance. V can in turn^be. c forjned for examplenof twoytenctam variables* n t 
... and n 2 in the following manner ■ • : . - ^t. - : > .-\- : - - 

20 (3) : V 0Vn2 = coy^n,, =:>E{(n. t *m n )(n 2 -m 2 ) T }^'- - - *r 

where the operator E represents the formation of an expected rvalue, rn, is the 
expected value of the variable n-, and m 2 is the expected value of the variable 
n 2 . Assuming that noise is white, the equation (2) can also be written in the 
25 form " ; * v ' 

A 

(4) h = (M H M)" 1 M H y 

The matrix M n is formed of predetermined sequences. It is assumed that the 
matrix M : includes Nt co-channel signals and that a predetermined sequence 
30 includes P + L symbols, where L is the length of a channel memory and P is 
the amount of reference bits. - 

The received signal y, which corresponds to each predetermined 
sequence, has- the formula: 

35 (5) y = Mh + n, 
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where n. represents Gaussian, nojse and h is the ,-inripulse response of the 
channel. Let us now.take a cioser.lopk on the formation of a special correlation 
matrix. M needed in the corchannel estimation. The amount N of- co-channel 
/signals is preferably two, whereby the most interfering signal is -searched in 
5 pairs such that qne.sjgna.l is Jhe r desired .signal and. .the, other signaUs the in- 
terference, sjgnal. Let the .channel estimation be rnade-for-two signals, for ex- 
; PJfnpie ? and .SJmpulser/esponse. taps- be estimated. fox both. channels. The 5 
. taps pf .the cJianpeLestirnator reDres.entthe.5; ! mosjt important delays in the im- 
pulse response of the channel. As a predetermined sequence; e:g: the follow- 
} 0..^ ing training , sequence.- of the : XBSiyi ^y§ten3...,(th.e riiefetence- length 1 6 bits) is 
"'.used: // c '„ i( . v=| - ? ,.^ry-:.^ ;c f ■ ■■- . ?1 it > :> • •/ : :. r s 

training sequence 1: 0010010111000010 r 
training sequence 2: 0010110111 0 t 1 1 1. 0 
Now, P - 16 and L = 5-1 =4 (repetition bits are required one less than what is 
15 the estimated amount of channel taps). 4 bits at the end of the training se- 
■"- quence are repeated at the beginning of ; the sequence, whereby the se- 
quences are In their entirety: 

sequence 1: 0010 00100101110 0 00 1 0 
sequence 2: 1 1 1 0 00101101110 *T1 11 0 
20 The co-channel estimation matrix M is now as follows: 
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The channel' estimation matrix of one channel, too, is formed in a similar man- 
. ner. but . only ■•.the- predetermined sequence of the desired signal is utilized 
thereby. To find the strongest" interference signal, trie" predetermined se- 
• - : . quences are grouped into subsets, and the channel ; estiftiati6n '^carried out in 
5 subsets. By means" of the formed channel estimates; ah estimate s'ignal is 
formed; which' isscompared with the received signal, aind on the basis of the 
- - comparison a suBset with" the greatest signal' istrerfgth is fbWd. Thls'solution is 
-v» * • • described Jn.-$reater -detail 4n : FiririiSivF%terit , 9627§6;' WnicrT'is' taken' Kerein as 
-wr-ilci a.-ffeferenGers;.'"*^ 'Zri^--^.e:-.^y\K h as .!■?■:• v.-.:";. s'r,:; r • 

t: :1Q?...: : r •"■.•Another s'impfe* way 1 to sfearch'Hfofthe stfcrngest Interference signal is 
to form the energy of the channel estimates for example in the following man- 
ner: .'.>-. •. - - ! - ■ - J • -•-■••-•->--' •'- 

( 6 ) P.= 2>k,i/, , .,, • , . , , , , " , : 

A third possibility" is to use an adapted filter, which carries out the 
15 channel estimation for all the received signals simultaneously for examplejn 
the following way: 



(7) hMF = ^M H y. • • , ' 

The strongest interference signal can be found for example by us- 
ing the formula (5). 

20 Let us now take a closer look on the solution according to the in- 

vention. Let us mark the terms and results relating to the desired signal with 
the index 1 and the terms and results relating to the interference signal with 
the index 2. The channel estimator forms the estimates describing the channel 
estimate, the estimates relating both to the desired signal and to the assumed 

25 interference signal. The channel estimate of the desired signal has the for- 
mula: h, = (hJ,hJ...h}j T , where L refers to the length of the' channel memory 
(the amount of channel estimator taps is L + 1 ). A signal, which is interfered by 
one dominating interference signal having a strong signal strength, can be 
written in the form: 

30 (8). y k = il>?aE_ i + n k , 

n=li=0 

where ag_j refers to data symbols of the desired signal and the dominating 
interference, which data symbols can be bits or bit combinations, and n k is 
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noise. When the interference signal is weak, as in n = /I , only the desired sig- 
nal is received in practice. ■ - : - 

To detect the most interfering interference signal, several known al- 
~ ' gorithrris have been developed. When the most interfering .interference signal 

5 has been found, a combined channel estimate h 2 = (-ho., h}:. : Oi§ , hf: k h£ ) T of 
„, . the. desired signal and the interference signal can be formed! Lef us now form 
v- ; .. - two. sighaL estimates,. whjch. s aTe based oh the channel estimate -and'" known 
v : sequence of ; the e desired>signat oadaonVthevchann& and known se- 

, , w quenqe^ < : : / 

10 ^(9) . 3 y^Mitii ^ ™* >^o-^c: ricirl.v rw: 

where the .matrixes M 1 and :M 2 are co-channel estimation matrixes. Thereafter, 
residua} signals r, and are formed a^follows:^ ' " ■ 

15-r(11)^. ri =:| y ,y^ ' \ , ' 

-.yyhere. the, residua!-- signals c-and r 2 refer? to the effective difference between 
^ ^ the received signal y ahd^the signal estimate y; or y 2 . Such a difference, for, 

its part, informs us of how close the signal estimate y^ or y 2 is to the actual 
20 ^ received §ignal y. The smaller the difference, or residual signal or r 2 , : is, the 
better the channel estimate has, been. As the signal estimates are based on 
either the channel estimate of the desired: signal only-or the estimate that is 
^common.to the desire.d signal and the jnterference signal, the magnitude of the 
residual signals informs us of whether subjection to a real po-channej interfer- 
25 ' ence occurs or whether the greatest interference is chiefly noise. If interfer- 
ences ;; are mainly nqise, co-channel detection is riot worth using: 

t The magnitude, of. the residual signals r, and r 2 can.be calculated 
1 most conyeniently/by forming the energy of therresidual signals in the following 
manner: 

30 (1.3); , c Pl = f> M 
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(14) "•' K= Sr 2i/ ; : 
i'=l 

•'- -where r is the index and r y , for example, is the i:th element of theresidual sig- 
nal vector" r,. By comparing which is bigger, P, or P 2 , conclusions can be 
. drawn\and ; .it.can ; be selected, which detection is used: oneslgnal detection or 

...5 . v CQ-channehdetecjt.ion.. If .P, is bigger, there is no co-chanhel interference; not at 

-,. , - ;. le . a : s * GonsideraWyi-artd one signal- tiefectforf can be "used. -On the other hand, 

■e.z . ^2 is ; , bigger-,.. eo-channel: interference is r cohsic^r^ble^hd"jo1nf detection is 
worth using, As^jdj^&cjHnrthies^^ or prior 

art detectors is/are used, which detector(s) can perijocm one signal detection 

10 or joint detection. An example of such a known detector is a Viterbi detector. 

Figure 3 shows a block diagram of a receive? implementing ihe in- 
ventive method. An antenna 300 receives a radio frequency signal, which 
propagates to. an RF block 302. to J>e-serambled <from the radicpfrequericy t&a 
lower baseband in a known manner:. The baseband^stgnal is Converted into 

15 digital in an A/D converter 304. In the inventive splution, the digital signal 
propagates to two different examinations, in which it is found put whether there 
is co-channel interference in the signal. In block 306,- a channel estimate h is 
formed, for example in .a manner knownrper se by'ebrrelating the received sig- 
nal and the known sequence, whjch is, .preferably a training- sequence. The 

20 known sequence is fed to block 306 from block 308, in whose memory the 
known sequence is stored. Block 310 forrrrs a co-channel estimation matrix M 
of the known sequence and the channel estimate' h\. In these blocks (the 
subindex of the .parameters is 1), the co-chanrfel estimation matrix' M, com- 
prises only information on the desired signal and noise. The'- channel estimate 

25. h, is multiplied by the co-chanraTestimation matrix M,V i.e. a' 'convolution is 

formed in block 312, whereby an estimate signal yj 'is formed. In block. 314,. - 

A 

the received signal y is compared with the estimate signal- y t . The comparison 
. is made preferably as a square of the difference/Whereby a residual signal r, 
is formed. In block 316, the energy of the residual signal r, is foVmecf by cal- 
30 culating the sum of the elements of the residual signal vector, for example. 

In the second branch, the digital signal propagates to block 318, 
where the strongest interference signal is searched in a manner known per se. 
After the interference signal has been found, a co-channel estimate h 2 is 
formed in block 320 for example in a manner known per se by correlating the 
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received interference signal and the known sequence, which is preferably a 
training sequence of the interference signal. The known sequence is fed to 
.. block 320 from block 322, in -whose memory: the known sequence is stored. 
Block 324 forms a co-channel; ^estimation matrix from the known sequence 
v 5 and the , co-channel estimate h 2 . The co-channel estimate . h 2 is multiplied by 
the.co-chann.el estimation matrix M 2lL Le;*a CQnyoJution is formed, in* block 326, 

' A 

whereby an estimate signal y 2 is formed. In block 328,ih l e mceived signal y is 

compared with the' estimate sigjp^J y 2r jThe^ as 

f :: - r ^ residuaf sighal ^ is- formed. In block 330, 

t 1p) : the energy of the resi^ualesighal,r/.is -formed of the 

elements of the residual signaLvector,:for -example; -The energies of t'fie. resid- 

. : j uaJ signals are compared with each Other in btock:332, and the detector 334 is 
informed according tq the inventive, method of whether one signal detection or 
co-channel detection is used. , v -, : ■ 

15 . ;Even : though ithe, invention has; been* explained in the above with 

reference to the example in accordance with the accompanying drawings, it is 
obvious that the , invention- is not restricted to it but can be 1 modified in a variety 
of ways within the scope of the inventive idea disclosed in the attached claims. 
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r CLAIMS. ^ . : -r < 

v c . ' vl; A reception" method used in a radio system/ in which a receiver 
; receives -signals comprising a desired signal and one or moiVinterference sig- 
nals; which desired signal and- interference* signals comprise a predetermined 
*,_.5 stequenee, byowhich-th'e* signals can be separated fronveach other; c h a r- 
apt e rlz 3 e t d,by;c ; :: - /v-;;; . : \:ri. • :. -v.- .-j-j r- y i .-, >• 

forming a signal estimate of the desired signal by means of the pre- 

-,>/:d ; .cefrSB^cahinigi^ 
10 ; -; co-channf)* 3igo9kestimate by means 'of the- predetermined sequences of the 

.•.desijred signal. and. the interferences^ 2 .••:-•*.*=•• 

r :-.-_:o forming, tfte'first residuai signal,- which describes the difference be- 

- .tween the received signal .and the ^signal estimate ^ 

forming the second residual signal, which describes 'the difference 
1 5 between the received signal and the coschannel signal estimate; ^ 
, comparing the first residual 'signal with-the sedohd residual signal 
- and on the basis, of the comparison,, detecting the received signal either by 
one signal d,etection, whereby the effect of. the interference signal' on the dfe- 
sired signal is left unnoticed, or by joint detection, whereby the effect of the 
20 interference signal on the detection of the desired signal is taken into account. 

2. A method as claimed in claim 1, characterized by form- 
ing a channel estimation matrix and channel estimate vector of the desired 
signal by means of the known sequence; 

forming a channel estimate vector of the interference signal by 
25 means of the known sequence of the interference signal; 

forming a co-channel estimation matrix by means of the known se- 
quences of the desired signal and the interference signal; 

forming a signal estimate of the desired signal by means of the 
channel estimate matrix of the desired signal and the channel estimate vector 
30 of the desired signal, whereby it is assumed that the received signal is mainly 
interfered by noise; 

forming a co-channel signal estimate of the received signal by 
means of the co-channel estimation matrix and the combined channel esti- 
mate vector of the desired signal and the interference signal, whereby it is as- 
35 sumed that the received signal is mainly interfered by the interference signal. 
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3. A method as claimed in claim 1 , ch aracterized ,by form- 
ing the first residual signal according to. the following formula: 

r i = I y - y 1 1 2 . where r, is the first residual signal, y is the received 
" signal, y , is the signal estimate of the received desired signal; and 
5 forming the second residual signal, according to the following for- 

, r 2 ..= Jy whe.re,^ {^the^second.T^sidual'rsignal, y is the re- 

'- : -fceivecT signal;^-& the 1 c6-dha Ariel sigrtSl^esti^k^f the' rebefv^d* signal . • 

4. A method as claimed in claim 3, characterized by to 
1 0 compare the energies "of the residual sjgnalsC' farming the, sum of the elements 

of the first residual signal with the formula P, = ^r 1; - and calculating the sum 

of the^elemen'ts of the second -residual signal- using the formula P 2 = Y, r 2 i > 

where P, is the energy of the first residual signal, P 2 the energy of the second 
, . residual signal, K is the length of calculation, i is. the index of the elements; 
15 comparing the energies P, and P 2 with each other, and if .-p, < P 2 , 

, ...selecting, one signal- detection for use, -and if P r £ P 2 , selecting joint detection 
for use. . , _•>- ■_ , , , . •. 

; 5. A method, as claimed in claim t.'.lc h a ra cte r i ze d by 
. searching the most interfering signaliwhich: has- the greatest power in the re- 
20 . ception. \- . \ ...... ^ z ■■■ ■ '. -..4 

6. A method as claimed irv. claim 1, ch a racterized by form- 
ing the energy, of the channel estimate of the. interference signal and deter- 
. mining the signal with the greatest energy as the most interfering signal. 

, 7. A method as claimed in claim 1, characterized by 
.25 searching for the most interfering signal which has the poorest known se- 
quence cross-correlation result with the desired signal. 

8. A method as claimed in claim 1, characterized by the ra- 
dio system being a TDMA radio system. 
, - 9. A receiver for a radio system, in. which signals to be received 

30 comprise a desired signal and one or more at least occasionally occurring in- 
terference signals, which desired signal and interference, signal comprise a 
predetermined sequence, by which the signals can be separated from each 
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^ other, characterized in that thi receiver comprises: 

meahs (318) for searching for the most interfering interference sig- 

.- 5 -.nal; 4 ; 

means (312) for forming a, signal estimate of the,. desired signal by 
5 means of the predetermined sequence of the desired signalj 

' means (32'6) fo> forming a'co-channel signal estimate by means of 
the predetermined sequences of the desired signal and interference signal; 
^ J * \: ■-sr:^maa*i&^314)"foF--fortfWr^ tlhe-Tirst* residual sigtiaf, which describes 
. the. difference^ t^ejbyveeji ^^t^^^^^l ^SP^r?^;^ sjqn v al i estimate . of , the de- 
10 / sired signal; T . . 

means (328) for forming the second residual signal, which de- 
scribes the 'difference ^between the received signal and co-channel signal es- 
• . - - timate;,.. *• > /.:.. - T - ^ .civ/ en! :;'/ -^i*: . .< 1 v ;^ *'•- ;o 

means (332) for comparing the first residual signal with the second 
15 - residual signal andior selecting fqn a det^c^r (3.34) on^the basis. of the com- 
parison either a one signal detection or joint detection to detect the received 
.; ^ -signal. $ : "z r\ /^ j f ^ r c \i . -;• 

, . . ^ 10. A receiver as claimed in claim 9, c h a racte rized in that 

the receiver comprises:'!' " -" * 

20 . : means (306) for forming a channel estimation matrix and channel 

estimate vector of the desired signal by means of the known sequence; 

- 1 - means (320) for forming [ ^a r co-channel 'estimation 1 matrix of the in- 

•, , ~ terference signal by means' of the ^known sequences of the interference signal 
and the desired signal, and forming a channel estimate vector of the interfer- 

25 * ence signal by means ofthe known* sequence of the interference signal; 

means (312) forformmepa Signal estimate of -the received signal by 
means of the channel estirhation matrix in'the memory (310) arid the channel 
estimate vector of the desired signal, whereby it is assumed that the received 
signal is mainly interfered by noisei ! f ' 

30 means (326) for forming a co-channel signal estimate of the re- 

ceived signal by: means of the cd-channesf estimation matrix in the memory 
(324) and the combined channel estimate vector '"of the desired signal and in- 
terference signal, whereby it is assumed that the received signal is mainly in- 
terfered by the interference signal. 

35 1 1 . A receiver as claimed in claim 10, characterized in that 

the means (314) are adapted to form the first residual signal according to the 
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following formula: 

A 

r i = ly - y i 1 2 , where is the first residual signal, y is the received 

signal, y 2 js the estimate of the~received desired signal^ancJ " " 
c r : , ; , the means (328) are adapted to form the secondVesidual signal ac- 
5 cording to the following formula: 

^-_:„^.. J 2 .=„Ly - T y 2 |?vwhere~r 2 -is -the seeond Tesidual^ignal, y is the re- 

ceiyed-signal,^y2 is iKe^co-chafnhel §i$h£l estimate of thexeceived signal. 

12. A receiver as claimed in claim 9, characterized in that, 
to compare the energies of the residual signals, the receiver comprises means 

10 (316) for forming the sum of the Elements of the first residual signal with the 

K 

formula P, = 2 r u ancl 
i=i 

the receiver comprises means (330) forrforming the sum of the ele- 

ments of the second residual signal with the formula P 2 = ^r 2 i \ where P n is 

. ;/ V. . ;=i ' • _ . 

the energy of the .first residual signal, P 2 is the energy of the second residual 
15 signal, K is the length of calculation, i is the index of the elements;' 

.the means (332) are adapted to compare the energies P, and P 2 
with each other, and if P 1 < P 2 , the detector (334) is .adapted to use one signal 
detection, or if:P 1 £ P 2 , the detector (334) is adapted to use joint detection. 

13. A receiver as claimed in claim 9, characteriz e d in that 
20 the searching means (318) are'adapted to search foY the mpst interfering sig- 
nal which has the. greatest power in the reception, | \: 

' 14. A receiver as claimed in claim 9, characterized in that 
the searching means (318) for searching the most interfering signal are 
adapted to form' the^energy of the channel estimate of the interference signal 
25 and that, the means (318) are adapted to determine the signal having the 
greatest energy as the most interfering signal. 

15. A receiver as claimed in claim 9, c h a r a ct erized in that 
the searching means (318) are adapted to search for the most interfering sig- 
nal which has the poorest known sequence cross-correlation result with the 

30 desired signal. 

16. A receiver as claimed in claim 9, characterized in that 
the receiver is adapted to operate in a TDMA radio system. 
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The invention relates to .a re- 
ception method and a receiver 'for a 
TDMA radio system, in which sig- 
nals to be received comprise a de- 
sired signal and one or more at least 
occasionally occurring interference 
signals, which desired signal and 
interference signal comprise a pre- 
determined sequence, by which the 
signals can be separated from each 
other. The receiver searches for the. 
most interfering interference signal 
in a searching block (3 1 8) and forms " 
a signal estimate of the desired sig- 
nal by means of the predetermined 
sequence of the desired signal in 
block (312). In block (326) the re- 
ceiver further forms a co-channel 
signal estimate by means of the 
predetermined sequences of the de- 
sired signal and interference signal. 
In block (314) the receiver forms 
the first residual signal, which de- 
scribes the difference between the 
signal estimates of the received sig- 
nal and the desired signal, and in 
block (328) the receiver forms the 
second residual signal, which de- 
scribes the difference between the 
received signal and the co-channel 

signal estimate. The receiver compares the first residual signal with the second residual signal in block (332) and on the basis of the 
comparison, it selects for the detector (334) either one signal detection or joint detection to detect the received signal. 
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